A number of epidemiological studies have identified human papillomavirus (HPV) types 1, 2, 3, 4, 7, 10, 27, 57, and 65 in cutaneous common warts. However, identification of the HPV subtype by conventional polymerase chain reaction (PCR) is time consuming with its multi-step laboratory process. In this study, we aim to develop a specific one-step multiplex polymerase chain reaction method which capably identifies six different HPV genotypes related to common warts. By HPV DNA sequence analysis, 6 pairs of specific primers were designed from the intergenic regions of genes L1 to E6, and from genes E2 to L2. DNA sequence analysis with the L1 gene sequence of the sample was performed to measure the specificity of multiplex PCR. HPV-1, -2, -3, -4, -27, and -57 were identified without cross amplification in 109 out of 129 samples. The sensitivity and specificity of our set of primers in detecting HPV were 85% and 99.5%, respectively. For the 20 samples where HPV type was not identifiable by our batch of primer sets, multiplex PCR with an additional set of HPV primers was done, where 7 were found positive for HPV-7 or -65. Our results demonstrate that the newly designed multiplex PCR can rapidly detect the specific HPV subtype involved in common warts with high accuracy.
Introduction
Human papillomaviruses (HPVs) are small double-stranded DNA viruses with a genome size of approximately 8000 base pairs that infect epithelial cells causing benign proliferation of skin warts or malignant mucosal tumors [2, 6] . From DNA sequence analysis [20] , HPV is known to comprise a significantly heterogeneous family of more than 130 types [1, 5] . The HPVs have been classified into cutaneous, mucosal and epidermodysplasia verruciformis (EV) types according to their location and clinical context [4] .
'High-risk' HPV types have been implicated in the development of intraepithelial lesions and cervical cancer [17] . The high-risk types include HPV-16, -18, -31, -33, and -45, while the low-risk types are HPV-6 and HPV-11 [14] .
Epidemiological studies also revealed that cutaneous HPV types such as HPV-1,-2,-3,-4,-7, -10, -27, -57, and -65 cause common warts on the skin (verrucae vulgaris) [10] , and prevail dominantly in the European population [11] as well as Chinese [13] . They are often limited to the hands or the feet sparing other body sites.
The overwhelming number of HPV genotypes identified during the past decade has posed a challenge to the development of a simplified HPV DNA detection kit. The polymerase chain reaction (PCR) is proved to be the most sensitive method for identifying the presence of HPV infection in clinical samples [16] . The HPV genotype can be determined by analyzing the PCR product. However, the sequence diversity among various HPV types limits the number of viruses that can be detected by a single PCR primer set. Among the primer combinations that can amplify DNA fragments from various regions of the HPV genome, MY09/MY11 and GP5/GP6 for the conserved capsid protein L1 region have been most widely used in clinical practice, allowing detection of a broad range of mucosal HPV types [15, 19] .
In this study, we aimed to develop a specific one-step multiplex PCR method that can identify 6 different HPV genotypes closely related to cutaneous common warts. The multiplex PCR with specific primers were performed in the 129 wart tissue samples. Hospital participated in this study. Peeling followed by cryotherapy with liquid nitrogen is the routine treatment protocol for cutaneous common warts. The warty tissue was obtained by the peeling process. An informed consent was obtained from all patients who participated in the study.
Primer design
The HPV genome is composed of six early (E1, E2, E3, E4, E6 and E7) and two late (L1 and L2) proteins. Aligned sequences from the intergenic region between E2 to L2 and L1 to 3'-end of the genomes in the Genbank Database were manually compared to identify regions with the least degree of nucleotide sequence match. The nucleotide sequences of the six specific primers are described in Table 1 
Results
Design of multiplex PCR primers HPV-1, -2, -3, -4, -7, -27, -57 and -65 are well known to cause common warts. Especially, HPV-2, -27, and -57 are closely related and associated with skin warts. Among them, we chose common warts-related 6 HPV subtypes for identification by the multiplex PCR [3, 9] . To set up a multiplex PCR for rapid identification of HPV-1, -2, -3, -4, 27, and -57, type-specific primers were designed from the intergenic region of each viral genome (Fig. 1) . By comparing the HPV DNA sequences, we found that most variable regions were located between E2 and L2 open reading frame (ORF) or L1 and 3' end of the genome. Based on the aligned sequences, pairs of primers with a length of 20 bp and without homology were designed, amplifying distinguishable sizes of 575, 222, 348, 437, 174 and 511 bp, respectively (Table 1) . : Target region for the amplification of HPV-2, -3, -27 and -57; : target region for HPV-1 and -4. 1, -2, -3, -4 , -27 and -57 type-specific primers, specific sequences flanking the target region were obtained.
The HPV types were confirmed by DNA sequencing and Blast DNA database analysis. Each DNA from the 6 positive PCR products was then cloned into pHNT-T vector and the resultant recombinant plasmids were used as standard HPV type DNA [12] . PCRs of standard HPVs were performed using its specific primer to test whether DNA of the expected size was produced. From PCR amplification, the bands of 575, 222, 348, 437, 174 and 511 bp of HPV-1, -2, -3, -4, -27 and -57 type were detected, respectively (Fig. 2) .
Genotyping of HPVs of common warts by multiplex PCR amplification
All HPV-1, -2, -3, -4, -27 and -57 types of different sizes were amplified simultaneously from the combined 6 standard HPV DNA mixed with their primer sets (Fig. 3, lane  1) . The difference in size of the amplification products on agarose gel allowed rapid and specific discrimination between HPV type 1, 2, 3, 4, 27 and 57.
After confirming that the multiplex amplification works properly, a total of 129 tissue specimens of common warts from Korean patients were subjected to multiplex PCR. Figure 3 shows some results. By comparing the size of DNA on 2% agarose gel by standard multiplex PCR, we were able to identify their genotypes. The testing of 129 samples by multiplex PCR showed that 85% could be identified by their HPV types. The prevalence of HPV-1, 2, 3, 4, 27 and 57 in skin warts was 9.3%, 32.6%, 1.5%, 7%, 17.8%, and 13.2%, respectively (Table 2) . Additional positive warts detected by the multiplex PCR system comprised of 4 samples co-infected with HPV types 2 and 27, or 2 and 57 (data not shown). All samples negative with multiplex PCR primers were positive for β-globin amplification.
Specificity and sensitivity
During PCR, there can be an experimental risk of cross-contamination between the reactions, leading to mistyping of the wart samples. To make sure the HPV typing results are correct, the 109 HPV positive samples were amplified with the degenerate primers corresponding to the L1 ORF region. DNA sequencing and BLAST analysis of L1 PCR DNA fragment showed that HPV types determined by multiplex PCR were 99% correct, indicating high specificity of the specific primer sets in multiplex PCR (Table 3) . Among the HPV types causing cutaneous warts, type 2, 27 and 57 are closely related and show more DNA homology to each other. In HPV identified cases, the specificity of the primer pairs for HPV-2, -27, or -57 type was analyzed by 3 independent PCR. As illustrated in Fig. 4 , each PCR primer was specific to the corresponding HPV type because there was no cross reaction with the other two sets of primer. The result demonstrates that the type-specific primer set can discriminate even closely related HPV types with high DNA homologies.
To evaluate the sensitivity of the multiplex PCR, the degenerate primer pairs MY09/11 were applied in PCR reaction of the same 129 samples tested with multiplex PCR.
Out of 129 wart samples, PCR amplified bands were observed in 39 cases (26.4%) with MY09/11 primers, while the multiplex PCR products were detected from 109 samples (85%) with 99% specificity (Table 3 ). This clearly shows that our specific primer sets designed for multiplex PCR have high specificity and sensitivity. formis [7, 19] . However, the identification of HPV types with degenerated primers require nested PCR, RFLP, or hybridization. In addition, compared to the large number of molecular epidemiological studies performed on HPV infection in genital warts, HPV infections in common warts have not been widely analyzed.
In this study, we present a specific one-step multiplex PCR method which permits identification of 6 different HPV genotypes related to common warts. Using a computer-mediated HPV DNA sequence analysis, 6 pairs of specific primers were designed from the intergenic regions between genes L1 and 3'-end of genome, or between genes E2 and L2. The detection of each HPV type depends on the identification of 6 amplification products of different sizes on agarose gel following multiplex PCR. We ran the multiplex PCR with HPV DNA isolated from 129 samples of common warts. Out of the HPV positive 109 samples, HPV-1, -2, -3, -4, -27, and -57 were identified without any cross amplification. The specificity of HPV-positive samples by the multiplex PCR assay was confirmed by DNA sequence anal-ysis with the L1 gene sequence. The clinical specificity of the primer sets was 85%, which was significantly higher than those from PCR with the consensus sequence primers MY09/11 [8] . In this study, the most frequently observed HPV type in common warts was HPV type 2. HPV-27, -57 and -1 were also prevalent, showing similar results with the German [11] and Chinese study [13] . However, Hagiwara et al. [9] reported that the most frequent HPV types found in common warts among Japanese patient were HPV-1, 4, and 65. For the 20 samples with unidentified HPV, primers for HPV-7, 10 and 65 were added for trial. Of the 20 cases, 3 were positive to HPV type 7, and 4 to HPV type 65 ( Table  2 ). Since the remaining samples negative with multiplex PCR were positive with β-globin PCR, these seem to contain other types of HPV. Therefore, we feel that there is a need to add a number of primers for different HPV types.
In conclusion, our data demonstrate that multiplex PCR with specific primers is a rapid and efficient method to identify the HPV types involved in common warts. The tissue samples required for the multiplex PCR is safe and easy to obtain-we can simply use the peeled-off products preceding cryotherapy. We hope our multiplex-PCR method encourages many to participate in studies with cutaneous common warts, of which the importance has been under-estimated despite its prevalence in the past. 
